Background. Short-term survival after solid-organ transplantation has substantially improved, and the focus has shifted to long-term survival, including the role of physical activity (PA). Knowledge about PA and sedentary time in recipients of solid-organ transplantation is limited, and identification of the levels and associated factors is necessary for intervention development.
T ransplantation is a life-saving intervention for people with endstage solid-organ diseases. In the past decades, short-term survival following solid-organ transplantation (SOT) has substantially improved due to progression in organ preservation, surgical techniques, and immunosuppressive medication. 1 As a result, focus has shifted towards long-term survival, and associated issues, such as reducing morbidity from cardiovascular diseases, improving quality of life, and increasing physical activity (PA). With the increased survival time, recipients of organ transplantation often develop comorbid conditions (ie, hypertension, diabetes). The incidence of cardiovascular diseases in, for instance, recipients of renal transplantation is reported to be 3 to 5 times higher than that in agematched controls. 2, 3 Generally, inactivity is a risk factor for cardiovascular diseases. 4 Exercise capacity in the transplant population and, thereby, the level of activity are already affected in the pretransplant phase by the direct effect of the failing organ (ie, cardiopulmonary limitations in end-stage lung disease) and secondary effects of the disease (ie, anemia in chronic kidney disease). 5 These exercise limitations are aggravated by disuse and nutritional depletion in the end-stage disease phase leading to a catabolic state with deconditioning and muscle weakness. After transplantation, this risk for inactivity is further increased by hospital and intensive care stay, episodes of rejection, reduced muscle oxidative function, 6, 7 and the use of immunosuppressive medication. 1 The use of immunosuppressants (ie, corticosteroids and mycofenolate mofetil) is associated with myopathy, and the use of calcineurin inhibitors has shown to affect mitochondrial respiration and induce muscle degeneration in animal models. 8, 9 Immunosuppressive medication affects muscle quality and can lead to bone marrow suppression causing anemia and fatigue. 5, 10 The use of this medication is therefore associated with a prolonged reduced exercise capacity after transplantation and inactivity. 1 As the immunosuppressive medication is required to prevent rejection of the new organ, all other resources to prevent cardiovascular diseases and their negative effects on survival in recipients of SOT should be addressed.
Exercise training in recipients of SOT has shown to improve physical functioning and quality of life, 1 and structured exercise training has shown to have the potential to reduce cardiovascular risk factors in recipients of lung transplantation. 11 Furthermore, the level of PA in recipients of SOT is positively associated with rehabilitation goals, such as the capacity to perform activities of daily life, 12 quality of life, [13] [14] [15] [16] and survival. [17] [18] [19] [20] [21] Nevertheless, it does not seem as though the recommended amount and type of PA (moderateintensity PA for ≥30 minutes 5 d/wk or vigorous-intensity PA for ≥20 minutes 3 d/wk) 22 is being met by the majority of recipients. 21, [23] [24] [25] [26] [27] [28] [29] [30] [31] Generally, recipients of SOT have a more sedentary and inactive lifestyle than the general population. However, most of these previous studies had limited sample sizes and focused on a single organ group. 21, [23] [24] [25] [26] [27] [28] [29] [30] [31] Studies that are more comprehensive and encompass various groups of recipients of SOT are necessary to extend knowledge about the PA level and the amount of sedentary time following various types of transplantation. In order to develop an optimal intervention to increase participation in PA behavior and decrease sedentary time after SOT as a prerequisite for successful rehabilitation and long-term outcome, it is necessary to identify (modifiable) factors associated with these behaviors.
The aims of the present study were to identify how many recipients of SOT fulfill the PA guideline, describe the level of PA and sedentary time in several SOT groups, and identify associated factors for time spent on moderate-to vigorous-intensity PA as well as sedentary time.
Methods

Setting and Participants
All patients who underwent SOT at the University Medical Center Groningen between 2002 and 2012, were aged 18 or older at the time of transplantation, and were capable of filling out a questionnaire in Dutch were invited to participate in this cross-sectional survey. Recipients on the waiting list for retransplantation or who had received retransplantation after 2012 were excluded. The invitation letter to participate was sent by mail. The questionnaire could be completed digitally; however, a paper version could also be sent upon request. An informed, written consent form was provided by all participants prior to filling out the questionnaire. A single reminder was forwarded to nonresponders after 2 weeks. Data were coded and processed anonymously. The study complied with the declarations of Helsinki and Istanbul. None of the transplant donors were from a vulnerable population, and all donors or next of kin provided written informed consent, which was freely given.
Data Collection
Data were collected between June and August 2014. The questionnaire consisted of questions regarding sex, height, weight, ethnicity, education level (low, lower vocational, and primary; medium, intermediate vocational, and secondary; high, high vocational, and university), employment status (actively working, not actively working, student, retired), date of transplantation, length of hospital stay after transplantation, and comorbidities. Comorbidities were classified according to the Charlson Comorbidity Index. 32 Additionally, the questionnaire consisted of questions on PA level, sedentary time, perceived barriers to and motivators of PA, and exercise self-efficacy.
Physical activity. Fulfillment of the PA guideline was assessed by questions on meeting the several aspects of the guideline. 22 The guideline advises moderate-to vigorous-intensity PA for ≥30 minutes for a minimum of 5 days per week, vigorous-intensity exercise for ≥20 minutes for a minimum of 3 days per week, or both. Recipients participating in one or both aspects identified were classified as fulfilling the guideline. The PA guideline that was utilized is in accordance to the international standard as reported by the American College of Sports Medicine. 22 To classify participants according to their PA level, the Short Questionnaire to Assess Health-Enhancing Physical Activity (SQUASH) was used. 33 The SQUASH is a self-report questionnaire recalling habitual PA and health-enhancing PA during a normal week in the preceding month. The number of days spent on an activity, the average time spent per day, and the intensity at which an activity was performed are identified. The activities are calculated into multiples of metabolically equivalent tasks (METs; kcal/kg/h). METs per activity were derived according to the 2011 compendium. 34 One MET unit is the equivalent of sitting quietly and is often referred to as the resting metabolic rate. Based on age, the assigned MET, and the experienced intensity, activities were classified into an intensity category (light, moderate, or vigorous). Age was of influence in this classification as an activity of, for instance, 5 METs are defined as moderate intensity for people younger than 55 years old and as vigorous intensity for people 55 years old or older. The SQUASH scores expressed as total minutes per week spent on moderate-to vigorous-intensity PA was used as outcome measure. The validity of the SQUASH is comparable to other questionnaires on PA with fair reliability (Spearman ρ = 0.58; 95% CI = 0.36-0.74) and concurrent validity of the questionnaire compared with activity monitoring (Spearman ρ = 0.45; 95% CI = 0.17-0.66). 33 Sedentary time. Assessment of sedentary time was based on 4 questions derived from a Dutch national survey on movement and health. 35 Sedentary time was defined as any waking behavior characterized by energy expenditure of ≤1.5 METs while in a sitting or reclined posture. 36 Participants were asked to estimate the average time spent in 4 conditions: sitting during a regular work or school day, including transportation; sitting or lying down on a regular work or school day after work or school, excluding sleeping; sitting or lying down on a regular day off, excluding sleeping and holidays; and lying down in bed on a regular night. For working people, the average sedentary time per day was calculated as the average of sedentary time during a workday and sedentary time during a day off. For people not actively working or retired, sedentary time during a day off was considered as the average. Average sedentary time in minutes per day was used as outcome measure. Although results on validity and reliability of self-report questionnaires of sedentary time are limited, it is indicated that concurrent validity is highly variable (r = −0.19 to 0.80). 37 Reliability studies showed acceptable to good test-retest reliability and comparable results to questionnaires measuring PA. 38 Cohorts, however, can be classified into being sedentary to a greater or lesser extent. 39 Potential barriers to and motivators for PA. To obtain insight into barriers to and motivators of PA, the Barriers and Motivators Questionnaire was utili zed. The questionnaire, originally deve loped for patients receiving hemo dialysis, 40 contains 32 items on barriers and 23 items on motivators. Participants were asked to select 1 of 4 answer options for each statement (not at all = 0, slightly = 1, moderately = 2, and very much = 3). A recent study into the under lying component structure identi fied a wellinterpretable multidimensional struc ture increasing its usability in research. 41 The barrier scale consists of the components fear of negative effects, physical limitations, low expectations and selfconfidence, and a lack of motivation or time. The motivator scale comprises the components health and physical outcomes, external influences, group activities, and psychological outcomes. Adding the scores of the items in each component and dividing these by the number of questions in the component results in the component scores.
Exercise self-efficacy. Exercise selfefficacy, an individual's belief in their own capability to organize and execute the courses of action required for 42 being physically active, was assessed using the Exercise Self-Efficacy Scale (ESES). [42] [43] [44] Although the ESES was developed for individuals with spinal cord injury, all of the questions were considered generic and suitable for recipients of SOT. The Dutch ESES has good internal consistency (Cronbach α = 0.88), and test-retest reliability (intraclass correlation = 0.81; 95% CI = 0.70-0.89), and a moderate correlation with the General Self-Efficacy Scale (Spearman ρ = 0.52; P = .01). The ESES consists of 10 items scored on a 4-point scale (not at all true/rarely true/sometimes true/always true). The scoring of the ESES ranges from 10 to 40, with higher values signifying a higher level of exercise self-efficacy.
Data Analysis
Participant characteristics and health status data were summarized as means/ standard deviations or as medians/interquartile range depending on skewness of the distribution. For categorical data, proportions are provided. Only cases with measurements available on one or both outcome variables and at least 5 explanatory variables were included for statistical analyses. Mean or median substitution (depending on skewness) was performed for missing values in cases satisfying these criteria. To explore factors associated with the level of PA or sedentary time, multiple regression analyses were conducted. Explanatory variables included age, sex, type of SOT, comorbidity category (0, 1 or 2, or ≥3 comorbidities), education level (low, medium, or high), body mass index, time since transplantation, length of hospital stay, exercise selfefficacy, employment status (actively working, not actively working, retired), PA barriers (fear of negative effects, physical limitations, low expectations and self-confidence, or a lack of motivation or time), and PA motivators (health and physical outcomes, external influences, group activities, or psychological outcomes). All continuous explanatory variables were centered by median subtraction to increase clinical interpretability. Due to their substantial number, a variable selection procedure by penalized regression according to the smoothly clipped absolute deviation penalty was used. 45 The latter performs well in variable selection and provides unbiased regression coefficients. 46, 47 A plot of the coefficients' path depending on penalty size was given to statistically learn about the importance of each explanatory variable in predicting the level of PA or sedentary time. A cutoff value for the penalty parameter was determined by cross validation yielding regression estimates of zero for unimportant explanatory variables. On the basis of the selected explanatory variables, a generalized additive model with integrated smoothness 48 was estimated to statistically test for a possible nonlinear effect of age on the level of PA and sedentary time. The final model was interpreted on the selected explanatory variables. Analyses were performed with the statistical programming language R (version 3.2.0; R Foundation for Statistical Computing, Vienna, Austria; https//www.r-projects.org/) and IBM SPSS statistical software (version 23.0; IBM SPSS, Chicago, Illinois). A P value of <.05 was considered statistically significant.
Results
A total of 656 recipients participated. The flowchart of the response rates and data inclusion in the analyses is presented in Figure 1 . The response rates per organ groups are corrected for nonresponders due to being deceased, inability to fill out the questionnaire, or having an unknown address. Participant characteristics are presented in Table 1 .
Physical Activity Level
The PA guideline was met by 55.9% of participants. The median time spent on moderate-to vigorous-intensity PA was 720 (270-1460) minutes per week. No significant differences were found between transplantation groups. Fulfillment of the guideline and the amount of time spent on PA and sedentary time per transplant group are summarized in Table 2 . Two multiple linear regressions were performed to identify factors associated with PA (Tab. 3). The model with all variables explained 21% of variance (adjusted R 2 ). The final model Flow chart of inclusion of participants. Tx = transplantation.
obtained after variable selection included sex, age, time since transplantation, employment status, fear of negative effects, physical limitations, and low expectations and self-confidence. The contribution and importance of these associated factors in the regression model is illustrated in eFigure 1 (available at https://academic.oup.com/ptj). The variables in the statistical learning figure deviating from a regression coefficient of zero at the far left represent the strongest predictors. As an example, the coefficient of "physical limitations" deviates the earliest from zero and is, therefore, strongly related to the level of PA. Significant linear variables in the final model associated with a lower level of PA included being a woman, not actively working or being retired, and experiencing the barriers of physical limitations and low expectations and self-confidence. The final model explained 30% (adjusted R 2 ) of the variation in PA. The type of transplantation received or having comorbidities did not have a significant effect.
Testing of possible nonlinearity of age in predicting the level of PA resulted in a significant effect of the spline variable, indicating a nonlinear association between age and the level of PA (Fig. 2) . This finding indicates a fluctuating association between age and level of PA. Younger recipients had a lower level of PA (±500 min/wk less), and the highest level of PA was found around the age of 60 years, after which the level of PA decreased with increasing age. The model including the nonlinear effect of age explained an additional 8% of the variance compared to the model with age as a linear explanatory variable (P value of <.001). Data visualization of other explanatory variables did not suggest other nonlinear relationships needing to be tested.
Sedentary Time
The median sedentary time for all participants was 360 (240-480) min/d, no significant differences were observed between transplant groups. Sedentary time per transplant group is summarized in Table 2 
Discussion
This is the first study to report on the level of PA and sedentary time and its associated factors in a large sample of recipients with various types of SOT. The percentage of recipients fulfilling the PA guideline was notably limited, with fewer than 60% of participants fulfilling the guideline. A comparison of the participation level in the current sample (55.9%) with that of the average Dutch population (72%) indicates that participation in recipients of SOT is substantially lower. 49 Significantly and negatively associated with the level of PA were being a woman, age (nonlinear), not actively working or being retired, physical limitations, and low expectations and self-confidence. Significantly associated with lower sedentary time were exercise self-efficacy and not actively working or being retired. Significantly associated with a higher sedentary time were having obtained a high education level, fear of negative effects, physical limitations, and the motivator "health and physical outcomes." The type of transplantation received did not have a significant influence on either of the outcome measures.
The use of self-reported questionnaires to assess the level of PA has been demonstrated to give an overestimation compared to objective measurements. 50 Therefore, the absolute results of the SQUASH on the median amount of time spent on moderate-to vigorous-intensity PA should be interpreted with caution. As this overestimation is likely to occur in all responders, the SQUASH can be used to provide a classification of a substantial number of participants and, [50] [51] [52] [53] therefore, can be used in regression analyses. Among the factors significantly associated with the level of PA in the present study, age, sex, employment status, and physical limitations were also indicated as associated factors for PA in the general population. 4, 54 Better physical functioning (absence of physical limitations) was also indicated as being associated with a higher PA level in recipients of kidney transplantation. 27 Remarkably, until now, age has only been described as having a linear negative association with PA level in the general population 4, 54 ; however, in the present study, age was significantly associated with PA as a nonlinear spline variable and contributed to the explained variance considerably. In the present study, recipients who were younger and recipients who were older showed the lowest levels of PA, and recipients in the age range of approximately 55 to 65 showed the highest level of PA.
Motivation, self-efficacy, social support, being overweight, and education level were not identified as significant associated factors for the level of PA in a Minutes of moderate-to vigorous-intensity activity per week. All continuous explanatory variables are centered at the median value. A positive slope parameter indicates more physical activity; a negative slope parameter indicates less physical activity. b Age as a spline (nonlinear) variable is significant in the regression model; therefore, this nonlinear contribution cannot be expressed as a β coefficient and 95% CI.
the present study, although they have been indicated as correlates in the general population. 4, 54, 55 Of these factors, only exercise-self efficacy had a significant but minimal association with the level of PA in univariate analysis (r = .102; P = .013). Motivation and exercise self-efficacy not being identified as associated factors in the present study is remarkable because there is ample evidence of motivation and (general) self-efficacy being strong correlates in the general population; self-efficacy was also identified in recipients of kidney transplantation. 4, 27, 54, 55 Where it was expected that exercise self-efficacy would have a stronger association with PA level than general self-efficacy this was not substantiated by the findings of the present study. Perhaps the significantly associated factor "low expectations and self-confidence" better reflects general self-efficacy. A potential suppression of exercise self-efficacy in the model through multicollinearity with low expectations and self-confidence is ruled out by the correlation coefficient of 0.182. These results indicate that the associated factors for PA in the transplant population are different from those in the general population; other factors appear to have a more substantial influence in this specific population.
The amount of sedentary time was also assessed with self-reported questionnaires and, therefore, should be interpreted with caution. The median sedentary time of 360 (240-480) min/d reported in the current sample is slightly higher but in accord with the average sedentary time in the general Dutch adult population of 342 min/d. 35 As the number of studies of determinants and correlates of sedentary time is considerably smaller than the number of studies on the PA level, the knowledge base is confined. Notwithstanding, age, sex, body mass index, education level, and employment status are indicated as consistent correlates of sedentary time in the general population. [56] [57] [58] [59] Remarkably, sex, age, and body mass index were not indicated as associated factors for sedentary time in the present study. Education level and employment status were associated with sedentary time; people actively working and people with a high education level spent more time being sedentary. Therefore, participants actively working are likely to have professions with an extensive amount of time spent in a sitting position. Individuals with a higher education level are known to often have professions with a high sitting time. 56 Factors associated with sedentary time in the present study that are not indicated in previous studies were exercise self-efficacy, fear of negative effects, physical limitations, and health and physical outcomes. Surprisingly, scoring higher on the motivator "health and physical outcomes" was associated with increased sedentary time. This 60 Associated factors for PA and sedentary time that can possibly be altered by intervention are the barriers of physical limitations, low expectations and self-confidence, and fear of negative effects as well as exercise self-efficacy. Therefore, it is recommended to assess these items at intake before intervention and when evaluating a program. Potentially, these factors can also be used to identify recipients at risk for developing a low level of PA and more sedentary time.
Further longitudinal and interventional studies should provide more insight on this. These are, nevertheless, factors that are likely to be positively influenced through a rehabilitation program. As indicated in a recent expert meeting report and a study on rehabilitation for recipients of SOT, sufficient knowledge is needed to adequately target this specific population. 1, 61 Therefore, it seems that rehabilitation could best be initiated or coordinated by an expert center. 1, 61 Depending on the severity of issues, an interdisciplinary team or specialized physical therapist could be deployed to initiate PA following transplantation. An implication for the local primary care therapists would be an increase of referral by the expert center of recipients of SOT for therapeutic assistance in targeting the indicated barriers to increase PA and reduce sedentary time. Supplementary education to primary care therapists and supervision from an expert center seems needed for this specific and growing patient population. By achieving a reduction in physical limitations and fear of negative effects through training, education, and experience, recipients are likely to gain self-confidence and exercise self-efficacy. Specific attention should be directed at skills for coping with barriers.
When interpreting the results of the present study, some limitations should be taken into account. First, the design of the study is cross-sectional and, therefore, only statistical associations could be investigated, and no evidence on causal relationship could be substantiated. Second, the focus was limited to the individual and interpersonal determinants of PA and sedentary time and did not focus on environment, policy, and global development. In further research, it is recommended to use a model like the World Health Organization's International Classification of Functioning, Disability and Health to provide a more complete overview of the complex subject that is PA. The fact that a Dutch population is studied, who have access to ample bicycle lanes and high walkability in neighborhoods could have positively influenced results due to this not being a barrier in this cohort. Furthermore, as data was collected over the summer months this might have positively influenced PA and reduced sedentary behavior. The data used for comparison were, however, also collected in the summer period. Third, the overall response rate of 46% was limited but is in line with average response rates in email and mail surveys. 62 As the current sample was on average 6 to 7 years after transplantation, and as such did not experience early posttransplantation mortality, this may have provided a selection bias. It should also be noted that the sample of recipients of heart transplantation was limited. Fourth, the type of job and a person's socioeconomic status were, unfortunately, not available and therefore could not be included in the regression models. Fifth, subjective measurements such as those used in the present study have measurement errors since response to questionnaires is influenced by perception, cultural factors, social desirability, and the memory of respondents. 50
Conclusion
In conclusion, the percentage of recipients of SOT who fulfill the PA guideline is alarmingly low. In intervention development directed at increasing the level of PA, the barriers of physical limitations and low expectations and self-confidence should be taken into account. Interventions directed at decreasing the level of sedentary time should be focused on physical limitations, fear of negative effects, health and physical outcomes, and exercise self-efficacy. Future studies should be focused on the effects of targeting these modifiable factors in intervention strategies for PA level and sedentary time.
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